The observation that a raised venous pressure appears to be of benefit to newborn babies with respiratory distress (Bonham Carter, Bound, and Smellie, 1956 ) led Bound, Harvey, and Bagshaw (1962) to assess the effect of delayed clamping of the umbilical cord of premature babies. In that investigation it was concluded that the placental transfusion was responsible for the lower incidence of respiratory distress in those premature babies where clamping of the cord was delayed. It occurred to us that these observations might have a common basis in some abnormality of the blood volume in those babies who develop the respiratory distress syndrome (RDS). While we were studying a therapeutic approach to RDS (Hutchison, Kerr, Douglas, Inall, and Crosbie, 1964), we took the opportunity to measure the blood volumes of 17 babies. A group of 20 normal premature babies was also studied by the same technique. This paper describes the results of these studies.
The observation that a raised venous pressure appears to be of benefit to newborn babies with respiratory distress (Bonham Carter, Bound, and Smellie, 1956 ) led Bound, Harvey, and Bagshaw (1962) to assess the effect of delayed clamping of the umbilical cord of premature babies. In that investigation it was concluded that the placental transfusion was responsible for the lower incidence of respiratory distress in those premature babies where clamping of the cord was delayed. It occurred to us that these observations might have a common basis in some abnormality of the blood volume in those babies who develop the respiratory distress syndrome (RDS). While we were studying a therapeutic approach to RDS (Hutchison, Kerr, Douglas, Inall, and Crosbie, 1964) , we took the opportunity to measure the blood volumes of 17 babies. A group of 20 normal premature babies was also studied by the same technique. This paper describes the results of these studies.
The criteria previously described for the diagnosis of severe idiopathic respiratory distress (Hutchison et al., 1964) were common to all cases. These were (1) respiratory grunting; (2) tachypnoea over 60 per minute after the first hour; (3) marked and persistent sternal, subcostal, and intercostal recession during inspiration; (4) cyanosis when breathing air; and (5) characteristic radiographic changes, i.e. diffuse reticulogranular mottling in the lung fields and an 'air bronchogram'.
Material and Methods
The blood volumes were measured at times varying from 2j to 9 hours after birth. 13 Measurement of Quantity Injected.-The quantity administered was determined by counting the syringe before and after the injection. For this purpose, the syringe was placed into a plastic adapter, thus achieving a constant spatial relation between radioactivity and detector (Fig. 1) .
Since the blood samples were diluted to 3 ml. with water and counted in a plastic vial, it was necessary to derive the factor relating the activity of 1 ml. RISHA in the syringe adapter to 1 ml. diluted to 3 ml. and counted in a plastic vial. This factor was determined experimentally and used throughout the investigation. 
Results
The data for the normal babies are shown in Table 1 and for the babies with RDS in Table 2. | PHOTOMULTIPLIER It will be seen that the mean value for the blood volume of the normal babies was 107 ml./kg., and 94 ml./kg. for the babies with RDS, but the difference is not statistically significant (p>0 1). The results of the haematocrit estimations show a mean figure of 58 % for the normal babies and 48 % for the babies with RDS, and this is statistically a highly FIG.-Illustration of plastic syringe and adapter in IDL scintillation significant difference (p <0 01).
counter. al., 1962) .
The various studies of the blood volume of the newborn infant have produced somewhat conflicting results. Gairdner, Marks, Roscoe, and Brettell (1958) and Clark and Gairdner (1960) have suggested that there is a diminution in the blood volume in the first 2 hours of life due to an outward shift of plasma fluid. On the other hand, Sisson and Whalen (1960) have demonstrated an increase in the blood volumes which they suggest is derived from blood in a storage space such as the liver. However, it does seem certain that a placental transfusion as a result of delay in clamping the cord will be followed by an increase in the blood volume of the baby, and that this increase persists for up to 4 hours (De Marsh, Windle, and Alt, 1942; Usher, Shephard, and Lind, 1963) . Some of these writers suggest a possible relation between the various blood volume changes and RDS, but Usher et al. (1963) reported that no abnormality of respiration developed in any of their cases, irrespective of the time of clamping the cord. Steele (1962) has suggested from his studies that the blood volume might best be kept in the low normal range for premature babies, and Taylor, Bright, and Birchard (1959) showed more abnormal respiratory signs in those babies receiving a placental transfusion.
Our mean figure of 94 ml./kg. for babies with RDS is not statistically different from the mean of 107 ml./kg. for the control series of premature babies. These values are close to those of the full-term normal babies described by Mollison, Veall, and Cutbush (1950) , some of whom had received a placental transfusion, and to those of Usher et al. (1963) , where cord clamping was delayed. We have, therefore, found no characteristic deviation of the blood volume in RDS. On the other hand, the haematocrit does show a significant deviation.
Most published values for the range of haematocrit in the full-term newborn are in the papers already noted, where the estimation was a necessary part of the technique of blood volume determination. An average normal figure of 50 % is noted for the cord blood. Gairdner et al. (1958) record a rising haematocrit in the first hours of life in 30 of 39 babies, predominantly of average birth weight and without delay in cord clamping. Although exact figures are not given, in a typical case discussed, a change from 53 % to 61 % is noted as being average. The authors suggest a plasma shift into extravascular spaces including the pulmonary alveoli, with a possible contribution to the development of RDS. Usher et al. (1963) have in contrast shown that changes in the haematocrit are dependent on the time of clamping the cord. They noted that 16 cord haematocrits gave an average of 48 % and they use this as the normal for all cases studied. Where the clamping of the cord was delayed, there was an increase in the haematocrit to a mean of 59 % at 30 minutes and 64% at 4 hours, but when the cord was clamped immediately a level of 48 % persisted. Neither group showed any tendency to develop respiratory distress, but none of the babies was below 2 5 kg. birth weight. Babies with a low birth weight were specifically studied by Pincus, Gittleman, Saito, and Sobel (1956) , though their samples were of capillary blood. They showed uncorrected haematocrit figures with an average of 58 %, and it can be assumed that the venous haematocrit would have been lower. Blanc and Lermontoff (1961) gave figures of over 60 % for babies weighing 1 -0-2 0 kg. and up to 24 hours of age. Our figures for the babies with RDS show a mean value of 48 %, which contrasts with most other published results for babies who were not in respiratory distress, and when the difference from the value of 58 % in our normal premature is considered it is found to be statistically significant (p <0-01) .
Certain things seem to follow from this observed low figure in the distressed babies. First, if, as De Marsh et al. (1942) and Usher et al. (1963) have each separately indicated, the haematocrit is a function of the volume of the placental red cell transfusion, these babies with a low haematocrit might be inferred to have been deprived of this transfusion and this could be taken to support the thesis that such a transfusion tended to prevent the development of respiratory distress. We know that the majority of these babies did in fact have the cord clamped early. Furthermore, Redmond, Isana, and Ingall (1965) have recently demonstrated that the placental transfusion may be related to the infant's first breaths and initial pulmonary aeration, rather than to the time interval between delivery and clamping of the umbilical cord; and a delay in the onset of respiration is common in infants who subsequently develop RDS. On the other hand the total blood volumes in our cases with RDS fall within the high ranges that Usher et al. (1963) described in their patients with delayed clamping of the cord, and they were not significantly different from the blood volumes of premature infants who did not develop RDS.
Secondly, such low values for the haematocrit in our cases with RDS are certainly not compatible with the sometimes expressed but inadequately investigated belief that babies with RDS have an increased haematocrit. Danks and Stevens (1964) have recently described a baby where polycythaemia caused late respiratory distress which responded well to a 'dextrose exchange transfusion'. They mention that certain groups of babies may carry a particular risk of respiratory distress due to haemoconcentration, but it is clear that in the majority of babies with idiopathic RDS a high haematocrit is not found. Finally, if these babies with RDS have a total blood volume in the range of normal premature babies, as our results seem to indicate, and yet have a low haematocrit and hence a low circulating red cell volume, it is possible that the circulating red cell volume may have diminished during the development of the distressed state or as a consequence thereof. We have no evidence to indicate where the missing red cells have gone. The constant necropsy finding of intense pulmonary congestion, sometimes associated with haemorrhage, might suggest sequestration of the red cells in the lungs, and such an occurrence might explain, in part at least, the respiratory difficulty which these infants experience.
Summary
The blood volumes and haematocrit values were measured in 17 infants with the idiopathic respiratory distress syndrome and in 20 unaffected infants with a birth weight of less than 2-5 kg. Cord clamping was not delayed in these infants.
The mean figure for blood volume in babies with RDS (94 ml./kg.) was not statistically different from the mean of 107 ml./kg. for the unaffected babies (p >0-1). The haematocrit estimations showed a mean of 48 % for babies with RDS and 58 % for the unaffected babies, which is a highly significant difference (p <0 * 01).
The low values for the haematocrit in our cases of RDS contrast with the sometimes expressed belief that such babies have a high haematocrit. They may indicate sequestration of the red cells in the lungs and this might be related in some degree to the respiratory distress.
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